In this era of personalized medicine and emphasis on identifying prognostic and predictive molecular profi les, breast tumor testing for hormone receptor status and HER2 remain the most relevant markers for practice. In the manuscript accompanying this editorial, Vaz-Luis and colleagues [1] address the combined role of these markers on the natural history of disease and outcome after therapy.
Introduction
In this era of personalized medicine and emphasis on identifying prognostic and predictive molecular profi les, breast tumor testing for hormone receptor status and HER2 remain the most relevant markers for practice. In the manuscript accompanying this editorial, Vaz-Luis and colleagues [1] address the combined role of these markers on the natural history of disease and outcome after therapy.
Distinct diff erences in short-and long-term recurrence rates after a diagnosis of invasive estrogen receptor (ER)positive breast cancer have been previously documented [2, 3] . Specifi cally, these tumors tend to recur at a pretty constant rate over many years. Clinical outcome of patients with invasive HER2-positive breast cancer has been evaluated since 1998, when HER2 testing fi rst received formal approval as predictive of benefi t to the anti-HER2 therapy, trastuzumab. Th ese tumors tend to have a peak of recurrence at 2-3 years from diagnosis, then a lower rate of recurrence, which have been uncovered with appro priate HER2 testing and interpretation [4] [5] [6] [7] [8] . Th e question at hand is how they interact with each other to predict clinical outcome. Cross-talk between ER and HER2 pathways may result in synergistic tumor progression, diff erential sensitivity to therapies, and diff erential sites of tumor relapse [9] .
Well, what did the investigators fi nd and how can we place it into the context of biology and other existing data? Vaz-Luis and colleagues are to be congratulated for gathering outcome data from 3,394 patients, diagnosed with HER2-positive breast cancer based on local laboratory testing between 2000 and 2007, and grouping them based on hormone receptor status. Th e exact type of HER2 testing or defi nition of positivity were not described, though presumed to be based on the US Food and Drug Administration (FDA)-approved guidelines [4] , as the American Society of Clinical Oncology/College of American Pathologists guidelines fi rst became available in 2007 [8] . Hormone receptor status was defi ned as ER and/or progesterone receptor (PR) testing based on local analysis as described in their database; details of the type of testing or defi nition of positivity are not described. Appropriate stratifi cations for stage and receipt of adjuvant trastuzumab were performed; a cutoff age of 50 years was also used as a stratifi cation factor, although its relevance may not be as strong as the other two. At a median follow up of 4 years (range 0 to 11 years), the investigators found that patients with hormone receptornegative disease experienced more cancer relapse in the short term, but found no diff erences in hazards of death beyond 5 years compared to those with hormone receptorpositive breast cancer. Another interesting aspect is the fi nding of increased risk of bone metastases for those
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How relevant is hormone receptor status in the context of outcome to HER2-positive breast cancer?
with ER-positive disease, but no diff erence between the two subtypes (ER-positive or negative) in terms of risk of brain metastases. Finally, the study addressed consistency of hormone receptor and HER2 status in a subset of patients with primary and recurrent tumor testing, demonstrating an amazing 49% discordance of one of the three markers (ER, PR, HER2) from positive to negative or vice versa. Th ese types of data strengthen the concept of obtaining tumor biopsies for biological testing at the time of diagnosis of metastatic disease, a step that may be crucial in optimizing decisions regarding systemic therapy. In our opinion, this biological testing should be considered as much a standard of care as anything else. Th ere are two aspects (beyond central pathological tumor testing) that limit the scope of inter preting the data reported by Vaz-Luis and colleagues, in the context of biological relevance: fi rst, only 17% of patients received adjuvant trastuzumab and data of use or duration of antiestrogen therapies used are not provided in the manuscript; and second, the retrospective nature of their analysis.
Our group's published data derived from prospectively conducted phase III trials in which central HER2 testing was performed along with hormone receptor status based on local laboratories (central hormone receptor testing is ongoing) are especially relevant [6, 7, 10] . With a median follow-up of 4 years in 4,045 patients in the combined analyses of two arms of N9831 and the B-31 trials, the 5 year recurrence rates for patients with hormone receptor-positive breast cancer receiving or not receiving adjuvant trastuzumab were 89.4% and 77.2%, respectively, and 81.6% and 69.4% for those with hormone receptor-negative breast cancer who received or did not receive trastuzumab [6] . As per standards of care, the N9831 and B-31 trials pre-specifi ed use of adjuvant hormonal therapy after completion of the chemotherapy portion of the treatment. Th ese prospective studies identifi ed clear diff erences in 5 year disease-free survival based on hormone receptor status. We recently presented longer (8+ year) follow-up data [10] demonstrating that the overall disease-free and overall survival diff erences based on hormonal receptor status appear to be only modestly diff erent: for overall survival it was 84% in receptor negative compared to 88% in patients with hormone receptor-positive tumors. However, the recent 8-year data from HERA, presented at the 2012 San Antonio Breast Cancer Symposium, demonstrates similar recurrence rates by that time point. Th e convergence of these HER2+ data suggest diff erences in early rates of relapse based on hormone receptor status, with equilibration later on likely based on the use of anti-estrogen treatments [11] . One challenge with placing these data in the context of the study by Vaz-Luis and colleagues is that they aggregated the outcome of patients who received trastuzumab with those with HER2-positive disease who did not receive the anti-HER2 therapy. Th is makes it diffi cult to ascertain the results for patients who were actually treated with trastuzumab. Discussions are ongoing related to whether we should have distinct trials for patients with HER2positive disease based on hormone receptor status, but we off er that this may help mainly with short-term datasets. An alternative approach is to acknowledge the impact of hormone receptor status, stratify based on such, and recommend anti-estrogens for patients with hormone receptor-positivity.
One interesting issue to be pursued is whether we should increase eff orts to investigate bone-tropism and agents to decrease bone-metastases, for proactive use in patients with hormone receptor-positive disease. Th is will require devoting signifi cant time and resources to identify other relevant molecular markers that will defi nitely impact future biological understanding and management decisions [12] [13] [14] .
Th ere is another piece of information in the manuscript by Vaz-Luis and colleagues that should not be overlooked, at least in terms of public health importance: 52% of patients were overweight or obese at study entry (body mass index >25 kg/m 2 ). Th ese data are consistent with our data in N9831 [15] , in which we demonstrated that greater than 50% of patients had a body mass index >25 kg/m 2 . Although its impact was not evaluated in the manuscript by Vaz-Luis and colleagues, our N9831 study suggest that body mass index may also be another relevant biological factor that impacts clinical outcome for patients with HER2-positive disease. ER and PR testing is relevant in the context of HER2-positive disease: as predictive of benefi t to anti-estrogens and diff erential 1 to 10 year term disease recurrence. Understanding its long-term relevance for overall survival beyond that time period requires longer follow-up data be available.
